ABSTRACT: For the first time, in vivo heat-exposure experiments were conducted on the hydrothermal vent polychaete Hesiolyra bergi from the hottest part of the vent biotope. Using a pressurised incubator equipped with video-facilities, we found that H. bergi, which forages around and in the tubes of the thermophilic Alvinella sp., became hyperactive once temperature exceeded 35°C and further lost co-ordination in the 41 to 46°C interval, just before death occurred. Another exposure experiment at 39°C for 3 to 4 h led to 80% mortality (max) 9 h after heat shock, and 100% thereafter. In view of the much higher temperatures recorded in this organism's habitat, these results suggest that tolerance to high temperatures (exceeding 40°C) is not a pre-requisite for life amongst alvinellid tubes. Behavioural responses (escape from heat) may suffice.
INTRODUCTION
Over the last decade, spectacularly high temperature measurements at the East Pacific Rise (EPR) hydrothermal vents have suggested that some invertebrates living on vent chimney walls could experience habitat temperatures far beyond the upper limits usual for sustained survival of most biota. One specimen of the polychaetous annelid Alvinella pompejana was observed curling around a temperature probe indicating 105°C, while 6 other discrete recordings inside these annelids' tubes indicated values in the 40 to 80°C range (Chevaldonné et al. 1992 ). These observations showed that vent creatures could survive exposure, at least briefly, to very high temperatures. However, a more recent study based on 6 independent time-series temperature measurements, again inside the tubes of these worms, increased the thermal tolerance limits of this biota: these recordings suggested that A. pompejana may survive temperatures of up to 60°C for several hours (Cary et al. 1998) . In comparison, the ostracod Potamocypris sp., which occurs in hot springs of North America, showed 100% survival after 5 h at 49°C, but only 33% after 12 h (Wickstrom & Castenholz 1973) . Therefore, for this organism, considered one of the most thermotolerant aquatic organisms by Chevaldonné et al. (2000) , prolonged survival is not possible above 49°C. Such data inevitably pose the question of temperature tolerance of these 'hot pole' hydrothermal vent species (Fisher 1998 , Chevaldonné et al. 2000 , especially since biochemical data (Somero 1992) suggest that these same thermophilic species may not survive prolonged exposure to temperatures above 40 to 50°C , Childress & Fisher 1992 , Gaill et al. 1995 , Jollivet et al. 1995 , Juniper & Martineu 1995 , Desbruyères et al. 1998 . Clarification would require in situ recordings of the body temperature of these hot-environment species, a difficult prospect at deep-sea vents (Desbruyères et al. 1998 , Fisher 1998 ). An alternative approach is heat-resistance experiments with live animals in simulated environmental conditions. Provided that animals survive the collection trauma and that appropriate means of evaluating their condition (physiological, behavioural) are available, the question of the temperature resistance of vent animals may be directly addressed by submitting them to various temperature regimes.
Here we present data based on video-observations of vent worms incubated at in situ pressure, using a newly designed pressurized incubator: IPOCAMP (Incubateur Pressurisé pour l'Observation et la Culture d'Organismes Marins Profonds; see Fig. 1a ). For the first time, heat-resistance investigations have been carried out on live invertebrates endemic to the hottest part of the hydrothermal vent biotope: the wall of active vent chimneys. Hesiolyra bergi, the 'caterpillar worm' (Blake 1985 , Desbruyères et al. 1985 , 1998 , is an EPR-vent polychaete annelid (Desbruyères & Segonzac 1997) , that attains a maximum length of 6 to 7 cm (see Fig. 1b ). Like other members of the hesionid polychaete family, which live commensally with other polychaetes, crustaceans, sipunculans or echinoderms, H. bergi is associated with the thermophilic annelids Alvinella spp., (i.e. A. condota and A. pompejana, the 'pompeii worm'). It frequently visits tubes of Alvinella spp. for short periods (few minutes) until ejection by the occupant worm (see Fig. 2 ) (Desbruyères et al. 1998) . H. bergi is believed to graze on bacteria and/or predate the small macrofauna associated with the alvinellid tubes, and is therefore likely to encounter temperatures in the same range as those reported for the habitat of Alvinella species (Desbruyères et al. 1982 , Chevaldonné et al. 1991 , 1992 , Cary et al. 1998 , Sarradin et al. 1998 . By examining the behaviour and survival of H. bergi as a function of temperature, we attemped to determine if its survival in the heat of a smoker wall is a matter of biochemical adaptation, in which case it would survive and remain unaffected at sustained high temperature in the 50 to 60°C range, as reported in situ by Cary et al. (1998) for A. pompejana. Alternatively, attempts to escape the heat, followed by death at lower temperatures would indicate an important role of behavioural responses.
MATERIALS AND METHODS
In situ video-observations. During Dive 1382 (of the submersible 'Nautile' during the French cruise 'HOPE 99' [NO 'Atalante']), almost 1 h of continuous recording was obtained over several areas of an alvinellid assemblage on a smoker wall (Marker PP 55, 12°49.844' N, 103°56.812' W) . During recording, care was taken to maintain the imaging-frame on a given part of the tube masses, in order to document the behaviour of the species living there (Alvinella spp. and other polychaetes, amphipods and peltospirid gastropods). Imaging magnification was as in Fig. 2 , sufficient to allow good identification, at the species level, of small fauna such as Hesiolyra bergi.
Pressurised incubator IPOCAMP™. (Autoclave France). The stainless steel vessel (pv) had a volume of ca 19 l. The general design of the pressure circuit was inspired by the flow-through pressure systems used by Quetin & Childress (1980) , with flow rates that reached 20 l h -1 at 260 bar working pressure. Pressure oscillations arising from pump strokes (100 rpm) were less than 1 bar at working pressure. The temperature of the flowing seawater (through a 0.4 µm filter) was measured constantly, at pressure, in the inlet and outlet lines (±1°C). Temperature regulation was powered by a regulation unit (Huber CC 240) that circulated ethylene-glycol through steel jackets surrounding the pv and through the seawater inlet line. IPOCAMP allowed video-observations of the re-pressurized organisms by combining an endoscope (Fort) to a CCD (charge-coupled device) colour camera (JVC, TK-C1380) (Fig. 1) . The results were displayed on a TV monitor (JVC), and recorded (Sony SVO-9500 MDP videotape-recorder).
Sample collection and experiments. Hesiolyra bergi specimens were collected from the East Pacific Rise in the 13°N hydrothermal vent field at about 2600 m depth. Collection was achieved with the submersible's hydraulic arm, by 'claw-grabbing' among alvinellid colonies. The animals thus sampled were placed in the temperature-insulated basket of the submersible. Aboard the NO 'Atalante' they were transferred to a 14°C cold-room, and H. bergi specimens were sorted from amongst the alvinellid tubes and placed in nylonmeshed cages inside the pv (Fig. 1) at an initial seawater temperature of 15°C. The cages were closed with a transparent polyethylene lid, secured by nylon line. Upon introduction of the worms, the temperature rose by 1 to 2°C (see temperature curves in Fig. 3a,b) , before being cooled to 15°C by temperature-regulating settings. To achieve accurate temperature measurements, an autonomous probe (MICREL instruments, ± 0.2°C) was placed next to the cages. Re-pressurization at 260 bar was achieved in about 2 min. In all experiments (corresponding to 4 different collection dives), less than 2 h intervened between the time the samples commenced decompression (submersible ascent) and the moment they were re-pressurized.
The 4 experiments at in situ pressure were of 2 main types: (1) maintenance at 15°C (2 experiments, numbered 1, 2, representing a total of 20 individuals) to verify whether the worms recovered from the collection trauma ('control' experiment); (2) heat exposure after 2 h wait at 15°C (2 experiments, numbered 3, 4, representing a total of 30 individuals).
Expt 1: Eight worms were placed in 1 cage to study behaviour and survival. In addition, 5 more individuals were placed in sealed containers to evaluate oxygen consumption (these 5 latter worms could not be observed during the experiment).
Expt 2: To reach a total of 15 worms for the survival study at 15°C, 7 more worms were placed in 1 cage to study behaviour and survival.
In these control experiments, pressure was released for about 15 min (about 2 bar s -1 decompression rate), 6 h after beginning the experiment to allow retrieval of the 5 individuals (Expt 1: oxygen consumption), and of other organisms (Expt 2) that had also been kept in sealed containers in the pv, for other experimental purposes.
Expt 3: Fifteen individuals were placed in the pv in 2 cages (7 and 8 individuals, Fig. 1b ) and heat-exposed after 2 h at 15°C until the temperature reached 50°C, followed by cooling to the original 15°C.
Expt 4: Having estimated from Expt 3 that the maximum tolerable temperature was above 40°C, we repeated the heat-exposure experiment (15 individuals in 2 cages: 7 and 8 individuals, respectively), this time to a temperature of 39°C, i.e. below the previous estimation. Cooling back to the original 15°C took place 6.5 h after the initial heating.
For the heat-exposure experiments (Expts 3 and 4), observations were recorded over 3 periods: during the first minutes after re-pressurization; during the heating and subsequent cooling periods; at the end of the 18 h period. As for the controls, this procedure allowed to us determine survival at in situ pressure after 18 h, and to study the worms' behaviour during the periods of temperature variation (see Fig. 3 ).
Survival after 18 h (all experiments). Survival of the re-pressurized worms was determined during the final minutes of the pressure experiments, by identifying each individual and witnessing its movements.
Behaviour of worms during heat-exposure vs control experiments (Expts 1, 3, and 4: see Fig. 3 ). Worms were individually followed during periods of 30 s at different times during the experiments. Within each period, they were classified into 4 categories:
(1) Motionless, no movement detected at normal tape-reading speed; this category was also applied when an individual's movement seemed to be the result of neighbouring worms 'pushing', with no apparent reaction of the individual. (2) Any kind of detect- able movement, at normal tape-reading speed, except that of Category 3 (below): parapod movements (undulations), head-or tail-bending, retraction or stretching of body length, forward or backward crawling.
(3) Active crawling of the worm (or swimming with no contact with the substratum), i.e. when it moved along a distance exceeding its own length in less than 30 s. (4) Worm outside of camera field: this situation corresponds to a worm that is either at the top of the cages or around the edges (see dark areas in Fig. 1a ) and therefore cannot be evaluated, or has escaped the cage (see Fig. 3a,b) . If a worm was in the field of the camera but invisible because other individuals were covering it, it was classed as motionless (Category 1), after checking its presence by watching the tape before and after the 30 s observation period.
Oxygen-level measurements (included in Expt 1).
Worms were individually stored in soft polyethylene containers (60 or 150 ml vol.), that were sealed before pressurization. Another seawater container (60 ml) without worms was also pressurised for use as a control. After 6 h, these containers were recovered and oxygen levels determined by the Winkler method (SD of the method = 2%; 95% CI for n = 1 is ± 4%: Aminot & Chaussepied 1983). The O 2 uptake rates were checked against the pressurized control to preclude possible uptake from bacteria in the seawater. The worms were then dried at 80°C (48 h) and weighed (0.1 mg precision).
Electron microscopy (Expts 2 and 4). The heads and tails of the worms were dissected and successively fixed in sodium cacodylate-buffered solutions (pH 7.4, 4°C): 3% glutaraldehyde (1 h at 4°C), followed by 1% OsO 4 (45 min at 4°C) and subsequent embedding in Araldite resin. Thin sections were stained with uranyl acetate and lead citrate and observed with a Leo EM 912 Omega electron microscope operating at 120 kV. Micrographs were recorded on Kodak SO 163 film.
RESULTS

In situ video observations
The video-sequence of Dive 1382, which focused on a group of alvinellid tube openings (Fig. 2) , was carefully examined. In this area, we identified at least 7 tube openings, of which 2 were definitely occupied by Alvinella spp. individuals.
Throughout the sequence, 5 Hesiolyra bergi specimens were visible (as many as 4 simultaneously) among the alvinellid tube masses. These worms were frequently observed entering and exiting tubes (6 of the 7 tubes), including those occupied by Alvinella spp. Some alvinellids ejected the worms after a few seconds, but others seemed to tolerate the intruder. H. bergi sometimes only partially occupied a tube: 3 individuals disappeared entirely inside the tubes for at least 2 min, whereas another remained for 10 min with about three-quarters of its body length (posterior part) inside the tube. The worms were also observed wandering (over a distance exceeding their body length) over the tube masses. During these wanderings, worms would sometimes rapidly retract the head upon encounter with other organisms (Alvinella spp. small pardaliscid amphipods and also other H. bergi specimens). Such 'avoidance' behaviour did not always accompany such encounters. As an alternative to wandering, the worms would remain motionless on the substratum, eventually stretching, retracting, or bending their body away from the other organisms. In the video-sequences, we never observed either actual swimming above the substratum or the uncoordinated behaviour (spasms) witnessed during the heat-exposure experiments.
Control experiments
Unlike Alvinella spp., Hesiolyra bergi withstood the collection trauma and could be kept in pressurized systems for at least 48 h. In a preliminary experiment (not described here), 2 individuals survived for more than 2 d at 260 bar, before the experiment was broken off. At atmospheric pressure, just after submersible recovery, or when the pressure was released to allow retrieval of some individuals (oxygen uptake experiments), Hesiolyra bergi appeared to be motionless. Only upon careful examination under a dissecting microscope could faint parapod or feeding tentacle movements be detected. However, following re-pressurization, after only a few minutes (sometimes seconds) movements were observed. Detectable movements were parapod undulations, lateral flexion of head or tail, retraction or stretching of body length, forward or backward crawling. Conversely, when pressure was released, the worms seemed to instantaneously lose their ability to move, as evidenced by their apparent paralysis at atmospheric pressure.
At 15°C, all 15 worms were alive after 18 h: at this time and at all other times during the experiment, no more than 5 min continuous observation were necessary to detect movements of any individual. Opening of the pressure vessel after 6 h in order to retrieve some worms, (see 'Materials and methods') obviously had no effect on the mortality of the remaining 15 specimens, since all survived the 18 h experiment. Throughout the 18 h, however, activity remained relatively low: worms were rarely observed moving more than their own body length within a 30 s time period (Fig. 3c) . Moreover, they remained at the bottom of the cage most of the time, and were never observed swimming.
In the respirometry experiment, oxygen consumption rates correlated well with dry weight (DW) (Fig. 4) , to a power of 0.74: (oxygen uptake rate [µl h ; R = 0.982, n = 5, p = 0.003; i.e., weight-specific oxygen consumption rates for Hesiolyra bergi ranged from 630 to 1130 µl g -1 DW h -1 (mean ± SD = 895 µl h -1 DW h -1 ± 190). The oxygen concentration was 245 ± 10 µmol in the control after 6 h, whereas the lowest measured concentration for occupied containers was 137 ± 6 µmol, representing more than 50% of the initial concentration.
Heat-exposure experiments
Worms submitted to the first heat-exposure experiment (Expt 3: max. 50°C) were all dead after 18 h. Moreover, they had stopped moving during the fourth hour of the experiment, before the temperature had reached its 50°C max., as evidenced by comparison of the relative positions of individuals on all videosequences after that time until the end of the experiment (a slight homogeneous drift [1 to 2 mm] occurred for all worms, probably due to ship movement). These worms were also found to be very fragile, breaking apart (almost dissolving) upon retrieval at the end of the experiment. To obtain a more detailed analysis of Fig. 3 . Hesiolyra bergi. Behaviour during 30 s sequences, as a function of time since re-pressurization: S, +, H: 'motionless', 'moving', and 'active crawling' categories, respectively (see 'Materials and methods'). (a, b) Behaviour (lower graphs) related to temperature (upper graphs, MICREL probe), during 2 heat-exposure experiments (Expts 3 & 4, 15 individuals each, split into 2 groups of 7 and 8 individuals). Endoscope was moved from one cage to the other (see Fig. 1a) , and behavioural data for the last 30 s in one cage and the first 30 s in the other cage were pooled; because of possible delay in endoscope adjustments, 1 to 3 min may separate a pair of sequences. For each observation time, the sum of the 3 behavioural categories equals the number of observable worms (grey line, showing that at some point in the experiment some worms were outside the camera field or had escaped, i.e. they belonged to the 4th category, 'worm outside camera view': see 'Materials and methods'). Maximum heating/cooling rates were 0.44 and -0.28°C min -1 , respectively, decreasing when the temperature neared the target-values of the thermoregulating unit. (c) Behaviour of 8 individuals in the same cage at 15°C (Expt 1). They were filmed continuously for periods of at least 25 min, at different times of the 18 h experiment (the last period, 30 min in the 18th hour, is not shown). Within these periods, 30 s sequences were studied approximately every 3 min (SD = 25 s), representing 93 sequences. On the graph, only every fourth sequence is represented (every 12 min). Overall, active crawling almost never occurred; it was only observed during 5 sequences out of a total of 93: 1 individual out of 8 (12.5%) in 4 sequences; 2 out of 8 (25%) in 1 sequence. Of these 5 sequences, 4 took place during the 18th hour. Mean ± SD (%) for 'motionless', 'moving', and 'active crawling' categories are 54.4 ± 26.2, 44.1 ± 25.1, 0.8 ± 3.6 (n = 93), respectively the influence of temperature, the worms were also observed over several 30 s video-sequences, throughout the experiment (3 observation categories: 1, motionless; 2, movement [excluding Category 3]; 3, active crawling over distance exceeding worm's own length, see 'Materials and methods'). Fig. 3a,b shows that significant crawling occurred during heat exposure. During these periods, some worms escaped from the visual field (Fig. 1a) and even from the cage itself by crawling or swimming up to the top of the cage. Crawling activity started between 33.5 and 37.5°C (Fig. 3a) . The peak of this crawling response corresponded to almost 41°C (all individuals actively crawling), and was followed by a fast decrease in activity until about 46°C, accompanied by apparent loss of locomotory coordination (spasms, jerking of entire body, dorsal face resting on the support).
During the second heat-exposure experiment (Expt 4, max. 38 to 39°C exposure for ~3.5 h, Fig. 3b ), we observed similar response patterns, including escapes out of the field of view (3 individuals) and/or the cage (2 individuals), although not with the same intensity as in Expt 3. Once a temperature of 35°C had been reached, and during the following 2 h, at least 20% of the worms (3 individuals) were always actively crawling. After 8 h, no more crawling was observed, although up to 4 worms were still moving at that time. At the end of the 18 h period, 3 worms were still moving faintly (tail movement), i.e. a survival rate of at least 20%. Later microscopic examination (both light-[not shown] and electron-[ Fig. 5b] ) revealed that the cuticle of these worms had lifted off the epithelial cells and was severely degraded compared to control individuals (Fig. 5a ).
DISCUSSION
One of the first steps of the present study, during the handling of the deep-sea Hesiolyra bergi which experienced collection trauma, was to ensure that repressurized control specimens were in a good state of health. The almost immediate activity of the worms after re-pressurisation, and the 100% survival rate of the controls over 18 h, with no drastic change in general behaviour, indicate a relatively good physiological state. The oxygen uptake results also confirm this (Fig. 4) . First, because of the value of the exponent (0.74), which perfectly fits the classic, almost universal (a) Cuticle fixed upon retrieval from submersible sample container: cuticle is composed of a 2-directional network of collagen fibrils which are parallel to the epithelium; in any given direction, these fibrils form groups of 2 to 3, separated from others by cellular microvilli ( * ) running perpendicularly through the cuticle. (b) Cuticle fixed after 39°C heat-exposure experiment: in many places the cellular extensions have disappeared ( * ), having either broken or retracted during separation of cuticle and underlying epithelium; remaining collagen fibrils seem to be broken or split into filamentous sub-units (arrowed), and 2-to-3-unit groups are lacking, suggesting melting of many fibrils uptake/dry-weight relationship expected for annelids (Hemmingsen 1960 , Prosser 1973 [Johnson et al. 1986 , 1988 , Millero 1996 , or even lower near deep-sea vents). Considered together, our data nevertheless suggest that the metabolic rate of H. bergi was either normal or high under the conditions of our reference experiment. Therefore, our specimens were not moribund as might have been expected after the collection-decompression process.
Another factor requiring discussion is the control experiment, whose conditions cannot be directly compared to those in situ, except for pressure. Temperature records in the habitat of Hesiolyra bergi fluctuate strongly: using a set of 3 autonomous probes, only a few centimetres apart, at the basis of an alvinellid tube assemblage, a 47 h temperature time-series recorded ranges of 2.3 to 16.3°C (Chevaldonné et al. 1991) . Other studies have reported discrete submersible measurements from 7 to 91°C, at the surface of tube masses (Sarradin et al. 1998) , with instantaneous temperatures inside the tubes ranging from 40 to 80°C (Chevaldonné et al. 1992 ). Finally, a 2 to 3 h time-series inside and outside alvinellid tubes (Cary et al. 1998) , recorded ranges of 68°C ± 6.3 SD), and 22°C ± 2.5 SD, respectively. According to these data, 15°C can therefore reasonably be considered as a temperature that would be tolerated by the control specimens. Furthermore, this temperature allows broad comparisons of physiological aspects (such as oxygen uptake, see above).
Extrapolation of experimental behaviour of the worms to natural behaviour should be made cautiously, since both environment and observation conditions differ radically. Moreover, simultaneous observation of more than 2 or 3 individuals in situ was rare, whereas 15 individuals were used in the pressure-vessel experiments. However, the various types of behaviour observed experimentally almost all occurred in natura (within a 30 s sequence, as for the pressure-vessel experiments: see Fig. 3 ), except for swimming above the substratum, and uncoordinated jerking (spasms).
The latter behaviours may not be common in situ, or may only occur when Hesiolyra bergi is endangered, or dying, as during heat exposure in our experiments.
In the 50°C peak heat-exposure experiment (Expt 3), none of the 15 individuals survived. Of course, survival determination based on recording actual movement may lead to underestimation, since it neglects individuals that are alive but motionless. However, the results at 15°C (Expts 1 and 2) show that a few minutes of continuous observation were enough to record all individuals capable of movement. In the case of the 50°C-exposed worms, the relative positions of all individuals remained identical from the fourth hour of the experiment onwards, i.e. when the temperature had reached 46°C. Finally, the physical texture of these worms when retrieved from the pressure vessel confirmed that they were all dead. The case was not so clear for 39°C-exposed worms (Expt 4), and necessitated microscopic examination which revealed cuticular damage (Fig. 5b) , showing that long-term survival after this degree of heat exposure would be zero, despite their 20% survival at 18 h.
Behaviour during heat exposure provides additional information on the response of Hesiolyra bergi to periods of increasing temperature. Fig. 3a ,b shows significant active crawling, which in view of the low activity at 15°C, can be inferred to be an attempt to escape heat. Such behaviour seems to largely occur at vents, since H. bergi is frequently seen crawling over chimney walls, where temperature fluctuates strongly. The sharp drop in crawling activity, accompanied by the onset of 'spasms', suggests that the critical thermal maximum of H. bergi (defined as a 'thermal trap', i.e. the temperature at which the worm is no longer capable of proper locomotion : Gehring & Wehner 1995) is most likely to be in the 41 to 46°C range. Although the active crawling response was not as general during the 39°C heat-exposure (we never observed 100% of individuals crawling at the same time), nevertheless the response (never < 20% actively crawling, once the temperature rose above 35°C) also indicated thermal stress: such a high percentage was almost never observed at 15°C (see legend to Fig. 3c ); 35°C appears to represent the thermal threshold that triggers the escape response of the worms. Interestingly, this temperature is in the range observed for the onset of crawling in the other experiment (33.5 to 37.5°C, Expt 3).
The conclusion that can be drawn from these experiments is that Hesiolyra bergi dies within minutes at body temperatures above 40°C, and does not tolerate sustained body temperatures in the 38 to 39°C range. Our data also indicate that H. bergi would avoid temperatures exceeding 35°C. Further investigations are needed to determine the temperature allowing sustained survival of this worm. Also, future research should focus on the biochemical heat-shock response of these worms, by characterizing the natural levels of heat-shock proteins and their expression under heatstress conditions. The response of metazoans to thermal stresses is an ongoing research topic, and its interest far exceeds the field of deep-sea hydrothermalism (Feder & Hofmann 1999) . Moreover, it is a key factor to explaining the emergence of life in most extreme environments. Vent creatures and their unique environment may provide new insights into the question of thermotolerance. Simultaneously, the possible influence of collection stress on thermal resistance limits will also have to be investigated. However, for deepsea fauna such an issue is not easy to address and may require tools such as isobaric collection cells. It is already well established that virtually every nonthermal stress (including pressure variations) is capable of inducing synthesis of heat-shock proteins, which in turn could directly influence thermotolerance (Abe et al. 1999 , Feder & Hofmann 1999 .
However, the present data do not place Hesiolyra bergi amongst the most thermophilic metazoans, such as Eremogarypus perfectus (Heurtault & Vannier 1990 ), a pseudoscorpion that remains unaffected by environmental temperatures exceeding 55°C. Experiments on live individuals showed that sustained survival temperature for the vent-crab Bythograea thermydron is <30°C (Mickel & Childress 1982) . However, unlike H. bergi, this crab is only occasionally observed on hydrothermal chimney walls, and is mainly found within dense tubeworm populations, where temperatures do not exceed 25 to 30°C (Desbruyères & Segonzac 1997 , Sarradin et al. 1998 . Our results strongly suggest that tolerance to high temperatures is not a pre-requisite to life on a smoker wall. Hesiolyra bergi probably experiences high temperatures in situ, i.e. > 40°C, but for not more than a few minutes, not long enough for its actual body temperature to rise to that of the environment. Assuming that sustained ≥ 60°C temperatures are characteristic for alvinellid tubes (Cary et al. 1998 ) our conclusions appear paradoxical, since they suggest a rapid death of H. bergi inside these tubes. Most probably, the worm simply escapes when it encounters local heat pulses in its environment. For animals such as H. bergi, behavioural responses (escape) rather than biochemical adaptations may be sufficient to allow life on deepsea vent chimney walls.
